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Abstract 
Environment pollution due to vehicles exhaust emission is still a severe crisis and an international concern has been 
raised for its control and diminution. Especially, man-kind is experiencing an epidemic of illnesses made worse by air 
pollution mainly because of increased number of automotive vehicles.  The main problem faced by most of the 
vehicles today is the emission of NOx which can be controlled by different ways such as exhaust gas recirculation, 
using alternate fuels, turbo charging, and different mode of combustion. On the other hand, diesel engines are the 
most trustworthy power sources in the transportation.  Due to inflexible emission norms and rapid depletion of 
petroleum resources, there has been a continuous exertion to use alternative fuels. Further researches are being 
carried out to reduce emission rates and these researches would be explored till reducing the exhaust emission upto 
zero level.    In such a way, the present investigation explores with a series of experiments towards effective 
combustion of air, LPG and diesel mixture without encompassing major modification in the engine construction.  
Here, LPG jet is inducted through air inlet to accomplish homogeneous mixture then it is allowed into the combustion 
chamber of CI engine. The major parameters of the LPG jet injector are optimised through CFD technique by 
utilizing a commercial CFD code. Changes in the performance of the engine and emission levels with the influences 
of the jet parameters are observed and analysed experimentally. The optimized jet parameters obtained through CFD 
technique and the experimental results achieved from the dual fuelled CI engine show considerable improvement in 
the engine performance and significant reduction in CO2, CO, HC and NOx emission besides the normal engine 
performance and emission levels of diesel fuel induction. Eventually, an artificial neural network (ANN) model is 
developed for predicting the emission levels based on the jet parameters, applying load and % of LPG induction by 
utilizing the experimental results. It is also found that the predicted results provided good agreement with the 
experimental results. 
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1. Introduction 
LPG known as an auto gas is a mixture of Propane and Butane. LPG is probably the third largest used 
fuel after petrol and diesel and is widely used as a cleaner, eco-friendly automotive fuel.  
LPG produces significantly less carbon monoxide and oxides of nitrogen emissions as well as a 
smaller percentage of carbon dioxide emissions. LPG also emits 90% less particulates than diesel engines. 
Reductions in emissions from LPG have resulted in the government, offering a variety of incentives to 
encourage motorists to convert to LPG. Car owners driving vehicles using alternative fuels will be taxed 
less than vehicles using petrol or diesel. Other environmental advantages of Liquid Petroleum Gas as an 
alternative fuel include the fact that LPG engines are significantly quieter than diesel engines and 
marginally quieter than petrol engines. Hence there is a scope for designing a gas jet and its position to 
study the engine performance rate and emission. Gisoo Hyun et al. [1] developed an LPG fuelled direct 
injection SI engine, especially in order to improve the exhaust emission quality while maintaining high 
thermal efficiency comparable to a conventional engine through Computational Fluid Dynamics (CFD).  
Chunhua Zhang et al. [2] conducted a study on the control scheme of a liquefied petroleum gas (LPG)–
diesel dual-fuel engine with electronic control. The experimental results showed that comparing with 
diesel, the output performance of dual fuel is not reduced, while smoke emission of dual fuel is 
significantly reduced, NOx emission of dual fuel is hardly changed, but HC emission and CO emission of 
dual fuel are increased and fuel consumption of dual fuel is reduced. Kurniawan et al. [3] used 
computational fluid dynamics (CFD) simulation and investigated the effect of piston crown shape to air 
motion characteristics of an internal combustion engine. White et al. [4] used CFD packages Fluent to 
model the direct-injection of two such fuels simultaneously into an engine and studied about the salient 
features of the two fuel jets are being to optimize the design of a dual-fuel injector for compression-
ignition engines. Roberto et al. [5] examined the flow geometry effects on the turbulent mixing efficiency 
quantified as the mixture fraction and compared two different flow geometries are at similar Reynolds 
numbers, Schmidt numbers, and growth rates, with fully developed turbulence conditions. Ren et al. [6] 
investigated the performances of the gaseous fuel supply and its influence on hydrocarbon (HC) 
emissions of dual-fuel engines and presented a new design of manifold respirators with mixers. Cao et al. 
[7] analysed an experiment on engine performance and sprays and characteristics between diesel and 
mixed liquefied petroleum gas (LPG)/diesel injection engines. The performance test results showed that 
with LPG the mixed ratio increases, engine power reduces slightly, fuel consumption and engine noise 
have almost no change, pollutant emissions of smoke, CO and NOx at full load are improved significantly, 
but the amount of unburned HC increases.  
In the above literature survey it has been reviewed that the mixture formation is good by modifying 
the design of piston head. The performance of the engine increases when the LPG is electronically 
injected with micro controllers according to the speed and power required. The emissions CO and NOx 
from the dual fuel engine are greatly reduced. HC emissions from dual fuel engine are par with that of 
diesel at full load and its less in low loads and half loads. The performance of the engine could be 
increased by designing the piston head by taking swirl and tumble ratio of the entering air. Studying the 
flow characteristics and changing the flow pattern shows a significant change in performance of engine. 
The design of the gaseous fuel supply system has a great influence on HC emissions in dual-fuel engines 
at light load. A manifold respirator with a mixer gives the best performance in reducing HC emissions 
compared with a common pipe mixer and a respirator with no mixer. Literature survey confirms that CFD 
tool can be used to study the gas jet parameters so as to improve performance of the engine and emission. 
Major problems in emission control are design of engine and improper air-fuel mixture in the combustion 
system. In an ideal combustion process, air-fuel mixture would be burnt completely within the 
combustion chamber. In actual, when fuel is burnt, it emits virtually insignificant CO, O2 and relatively 
little NOx, the main constituents of acid rain, and substantially less CO2, a key culprit in the greenhouse 
debate, than most oil products and coal. 
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Major techniques can be followed in the reduction of emission problem are,   
• Modifying the engine design;  
• Using alternate fuel which produces low emission;  
• Recirculating or treating the exhaust for further utilization or conversion. 
The emission control problems have been addressed in numerous research works, because reduction 
of emission is a difficult problem which is influenced by design of an engine, appropriate fuel, proper  
air-fuel ratio and homogeneous mixture, the engine operating parameters include load, speed, 
compression ratio, pilot fuel injection timing, pilot fuel mass inducted and intake manifold conditions. 
Finally, it has been found that there is a scope for improving the performance and reducing emission level 
of diesel engines exclusive of major modification in the engine construction.  
 
 
Nomenclature 
d  inlet diameter of nozzle in mm 
      x  distance between tip of the nozzle and intersection of vertical axis of air inlet pipe and 
nozzle                                                                                                 axis in mm 
θ  inclination of nozzle in degree 
CO2       Carbon Dioxide 
CO         Carbon Monoxide 
FC          Fuel Consumption 
FHP        Frictional horse Power 
FP  Fuel Power 
HC  Hydrocarbons 
IP   Indicated Power in W 
NOx  Nitrogen Oxide 
O2  Oxygen 
RPM  Revolution per Minute 
SFC   Specific Fuel Consumption 
ηmech   Mechanical Efficiency 
ηB.TH   Brake Thermal efficiency 
ηI.TH   Indicated Thermal Efficiency 
 
2. Problem statement  
Recent researches and investigations on the compression ignition (CI) engine performance parameters 
optimization and emission problems are mainly dealing with modification of engine construction to 
improve the performance and reduction of emission which is tedious and non-interchangeable. The 
present study made an attempt on reduction of emission level in the CI engine without having any major 
alteration in the existing engine construction and also to improve the performance of engine. In the 
betterment of engine efficiency and reduction of emission level, LPG and air should be mixed 
homogenously. The main objective of this work is to design a simple and realistic setup which would not 
disturb the existing engines construction and the developed setup could be adapted to all engines 
efficiently. 
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5.2 Emission level 
 
The emission results of main toxic gases such as CO, CO2, HC, NOx and amount of O2 are compared 
and presented in Figures from 9 to 13 for different loading conditions of 0 kg, 5 kg, 10 kg and 15 kg. Fig. 
9 shows the comparison plot of CO %vol for different diesel and LPG fuel ratio with different loading 
conditions and minimum CO % vol is noted for the case 80% of diesel and 20% of LPG. The comparison 
plot of CO2 % vol in the exhaust gas for various diesel and LPG fuel ratio with different loading 
conditions is presented in Fig. 10. From this figure, reduced concentration of CO2 %vol is observed for 
the case 40% of diesel and 60% of LPG. The level of O2 % vol is compared and shown in Fig. 11 and 
minimum concentration of O2 % vol is noticed for the case 60% of diesel and 40% of LPG which implies 
that air/LPG mixture is homogeneous and air-fuels mixture is burnt fully.  There is no considerable 
change in the concentration of HC which can be seen from    Fig. 12. Fig. 13 delineates the comparison of 
concentration level of NOx for various diesel and LPG fuel ratio with different loading conditions and 
predominant reduction in NOx emission is examined for the case 40% of diesel and 60% of LPG. 
According to these results, it is obvious that increase in LPG fuel ratio decreases the emission rate 
considerably.   
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In order to predict and optimise the present problem, an ANN based model was developed with the 
base of feed forward back propagation method. A code was developed based on the feed forward back 
propagation method by utilizing Matlab R2009a software package. Fig. 14 shows the developed 
architecture of artificial neural network with five input layer with 5 neurons, seven output layer with 7 
neuron and one hidden layer with 10 neurons.   
The links with synaptic weights are connected between neurons and the back-propagation training 
algorithm is based on weight updates so as to minimize the sum of squared error for K-number of output 
neurons, given as 
2
.
1
. )(2
1
pk
K
k
pk odE −= ∑
=
                                                                           (1) 
where dk,p = desired output for the pth pattern. The weights of the links are updated as 
)()()1( njipipjnjinji woww Δ++=+ αηδ                                            (2) 
where n is the learning step, η is the learning rate and α is the momentum constant. In equation (4), δpj 
is the error term, which is given as follows: 
For output layer : Kkood kpkpkppk ,....1),1)(( =−−=δ                          (3)  
For hidden layer : Jjwoo kjpkpjpjpj ,....1,)1( =−= ∑ δδ                       (4) 
where J is the number of neurons in the hidden layer. The training process is initialized by assigning 
small random weight values to all the links. The input–output patterns are presented one by one and 
updating the weights each time. The mean square error (MSE) at the end of each epoch due to all patterns 
is computed as 
∑ ∑
= =
−= NP
p
k
k
kpkp odNP
MSE
1 1
2)(1                                                                    (5) 
 
where NP =number of training patterns. 
The training process will be terminated when the specified goal of MSE or maximum number of 
epochs is achieved. The activation function for the input and the one hidden layer is chosen as 
tansigmoidal function. The activation function for the output layer was chosen as pure linear function. 
The network was then simulated for the input values and a graph is plotted between the output and target 
(neural network output) values. The network created was trained for the input and output values. The 
stopping criterion for training was number of epochs and was given as 1000 as shown in Fig.15.  
 The network was again simulated for the input values and the target values of the experiments 
conducted.   The input values for the test readings were then given and the network was trained. The 
target value was then obtained and compared with actual outputs. The results were compared with the 
actual experimental results and the predicted results obtained from the present study show minimal in 
variations. From Fig. 16, it is clear that the parameters considered could be confidently used for the above 
method for predicting the emission rates. The behaviours of the parameters are also noted. 
The predicted emission levels were compared with the respective experimental results and the 
absolute percentage error was computed, which is given as 
 
% Absolute error = 100Pr X
alvalueExperiment
ueedictedvalalvalueExperiment −
                                (6) 
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The experimental results of emission levels were utilized for predicting the emission level with the 
influences of ‘d’ values, ‘x’ values, ‘θ’ values for different proportions of fuels (Diesel+LPG) with 
different loading conditions. Both results were compared and shown through Table 1, the absolute 
percentage error ranges from 0.11498% to 3.28939 % which is in the acceptable range.  
   
7.  Conclusions 
From all the above results and discussion, the following conclusions are arrived and they are 
summarized as follows: 
• It was found that the new technique which was used in this investigation away from the engine 
construction influenced on the engine performance and emission levels predominantly.   
• The thermal efficiency of the engine increases when powered with dual fuel. The percentage 
increases about 5% when 60% of diesel and 40% of LPG. 
• No considerable change was found in torque and brake mean effective pressure. 
• The mechanical efficiency was increased about 5% when powered with dual fuel when 60% of 
diesel and 40% of LPG.  
• There was an increase in Hydrocarbon emission when going to dual fuel mode. 
• Specific fuel consumption was reduced around 33%.  
• NOx was reduced upto 35% for 60% LPG and 40% diesel proportion when compared to that of 
running at 100% diesel.  
• CO2 emission was reduced about 67%  for 60% LPG and 40% diesel proportion. 
• The CO emission was reduced upto 12% in dual fuel mode for 60% of diesel and 40% of LPG. 
• The absolute percentage error between experimental and predicted results ranges from 0.11498% 
to 3.28939 % which is in the acceptable range. 
• All these results were obtained for the effective nozzle condition, diameter of 5 mm, x= 10 mm 
and θ = 30°. 
• On the whole, it is recommended that better engine performance and reduced emission level can 
be achieved if the dual fuels proportion lies between 40-60 % of diesel and LPG for the nozzle 
condition, diameter of 5 mm, x= 10 mm and θ = 30°. 
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Table 1 Comparison of experimental results and predicted results of emission levels
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